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Abstract 
 
This paper reports experimentally determined heat and moisture recovery efficiencies of a newly developed dynamic insulation 
system, so called a “breathing dynamic insulation”. In this system, the outdoor air is drawn through half of walls made of 
breathable inorganic concrete (BIC), while the indoor air is exhausted through the other half. Intake and exhaust of air through 
the two halves of the walls are periodically alternated. It is shown that the BIC walls under study have recovery efficiencies of 
almost 90% for the heat in the exhaust air and 22 to 30 % for the heat lost in conduction through the BIC walls within the range 
of an air flow rate of 10 to20 (m3/h)/m2. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
A highly efficient heat exchanger for ventilation in addition to thermal insulation is used to reduce heating loads 
of a building, although it consumes more energy compared to exhaust-only-ventilation. Also, air filters for a heat 
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exchanger – when it is used without cleaning – become often and easily clogged with dust. One alternative is to use 
dynamic insulation that can recover heat lost in conduction by drawing cold outdoor air into indoor through an 
insulation wall in winter [1,2,3]. It contributes to minimizing heat loss, reducing the thickness of insulation and 
improving indoor air quality. One of the drawbacks is, however, the decrease of the inside surface temperature of 
building envelopes. Also, a heat recovery system for exhaust air is needed to reduce the ventilation heat load [4]. 
A “breathing dynamic insulation” (Breathing DI) system proposed as improved dynamic insulation here has 
functions both as an insulated envelope and as a highly efficient heat exchanger for ventilation. It is alternated 
periodically that the outdoor air is drawn through half of walls made of breathable inorganic concrete (BIC) and the 
indoor air is exhausted through the other half of the BIC walls. After the heat in the exhaust air is stored inside half 
of the BIC walls, the stored heat in addition to the heat lost in conduction through the BIC walls is recovered by the 
supply air. The purpose of this study is to develop a “Breathing DI” system, which is able to recover the heat in the 
exhaust air in addition to the heat lost in conduction through insulation. It is also expected to maintain a low 
pressure drop at the BIC walls for a very long period without being cleaned and to consume only energy for a 
ventilation fan. It has already been shown that the inside surface temperature of the BIC walls can be kept the same 
as that of conventional “static” insulation walls and the recovery efficiency of the heat in the exhaust air can be 
improved to up to more than 90% [5]. In this paper, we explain the “Breathing DI” system and then experimentally 
determine the heat and moisture recovery efficiencies of the system installed at a one-story test building. 
 
2. About breathable dynamic insulation 
 
Fig. 1 illustrates the outline of the “Breathing DI” system. It consists of two distinct indoor spaces that have 
breathable inorganic concrete “BIC” walls and fans between the two spaces. “BIC” has high air permeability, high 
insulation properties and relatively large thermal storage. In this system, the outdoor air is drawn through half of 
walls made of Breathable Inorganic Concrete (BIC), while the indoor air is exhausted through the other half. Intake 
and exhaust of air through the two halves of the walls are periodically alternated. An airflow from one space to the 
other is controlled by fans. After the heat in the exhaust air is stored inside the BIC walls, the stored heat in addition 
to the heat lost in conduction through the BIC walls is recovered by the supply air. Consequently, the “Breathing 
DI” system has functions both as an insulated envelope and as a highly efficient heat exchanger for ventilation. 
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Fig. 1. Schematic representation of the “Breathing DI” system 
 
Fig. 2 schematically compares temperature changes of a conventional Dynamic Insulation “DI” wall and a 
“Breathing DI” wall. The conventional “DI” wall can recover heat lost in conduction by drawing cold outdoor air 
into indoor through an insulation wall in winter. While it contributes to minimizing heat loss, reducing thickness of 
insulation and improving indoor air quality, one of the drawbacks is the decrease of the inside surface temperature 
of building envelopes. The inside surface temperature of “breathable DI” increases when the indoor air is exhausted 
to the outside, then this temperature decreases when the outdoor air is drawn to the indoor. Thus, the temporal 
average of the inside surface temperatures of “BIC” wall can be kept the same as that of conventional “static” 
insulation walls. 
The conventional “DI” requires a heat recovery system for exhaust air to reduce the ventilation heat load. 
Generally, a ventilation system with a heat exchanger consumes more than double of energy for fans than an 
exhaust-only ventilation system, since both of supply fan and exhaust fan work at the same time in the ventilation 
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Fig. 2. Schematic representations of temperature changes in walls of (a) the conventional “DI” system and (b) the “Breathing DI” system 
 
3. Outline of the measurements of the recovery efficiencies 
 
3.1. About test building and ventilation system 
 
Fig. 3 shows a one-story test building, in Asahikawa, Hokkaido, the northern region of Japan. Three neighboring 
rooms in the building are used, each of which has an external BIC wall facing to the outside. Table 1 shows 
properties of BIC. Each BIC wall is 840mmh2,400mm ht100mm, consisting of 4 panels (one panel size is 840mm 
h600mmht100mm). The edges of BIC walls were sealed, so the breathable area per wall is 715mmh2,222mm. 
All the rooms and the other neighboring space in the building are kept at 20 °C. All the walls of rooms except the 
BIC walls are insulated and airtight. So heat loss through these walls except the BIC walls is very few. 
The first room (C) isn’t ventilated, allowing only the heat conduction loss to be determined. 
The other two rooms (A and B) have fans which are forced to flow air from one to the other room alternately; 
while the BIC wall of one room is used for intake, the one of the other room is for exhaust. Fan unit can control air 
flow rate to be about 50m3/h. But it is too much as air flow rate through 2m2 BIC wall. Therefore, the duct with 
control damper connects between the two rooms. By adjusting the damper opening area, air flow rate through BIC 
wall and air flow rate of circulation between the two rooms can be changed. The two rooms are humidified with a 
humidifier on electronic scale. 
At this test case, intake of the outdoor air and exhaust of the indoor air are changed alternately every 15 minutes. 
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Fig. 3. Test building and measurement setup 
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Table 1. Material properties of the Breathable Inorganic Concrete (BIC) 
 
Properties   Conditions 
Density in oven dried condition 0.31 g/cm3  
Thermal conductivity 0.088 W/mK Mean temp.=15°C, T=20°C 
Coefficient of moisture permeability 
Air permeability 
26.4 
A :2.76 (n=1.32), B :2.28 (n=1.23) 
ng/(m㺃s㺃Pa) 
(m3/h)/Pa1/n 
Temp=23°C, RH=50% 
 
3.2. Measurement points 
 
The temperatures, humidity and pressure differences between the inside and outside of the BIC walls, the heat 
load of each room and the amounts of humidification were record. These measurement points are given in Fig. 3. 
The temperatures of the surface and inside of the BIC walls are recorded every 10s; the amounts of humidification 
every 10 minutes; and the others every 1 minutes. The air flow rate of each room can be calculated using pressure 
differences between the inside and outside of the BIC walls. The heat loss through all the walls of the rooms except 
the BIC walls can be calculated based on the inside and outside surface temperatures of the thermal insulation wall 
and the thermal conductivity of the insulation material. 
 
4. Calculation methods of the recovery efficiencies 
 
4.1. Heat recovery efficiency 
 
The heat conduction loss through the BIC wall of room C (UC) (W/m2K) is determined by 
 
HC  ¦ SCi  Oi  'TCi 
U     i  
SCo 
x  'TCo 
.
(
1
) 
 
where Hi (W) is the heat load per hour of room i, Sij (m2) is the insulated wall area between i and j, λij (W/m2K) is 
the thermal conductance of insulation, ∆Tij (K) is the temperature differences between i and j, the subscripts i and j 
mean Room A, B, C, outdoor, or space around rooms, the subscript o means outdoor. 
Similarly, the heat lost in conduction and in ventilation through the BIC walls of rooms A and B (UI) can be 
determined by 
 
H A  HB  ¦ SAi  Oi  'TAi   ¦ SBi  Oi  'TBi 
U    i i  
 
(2) 
SAo  SBo  'TIo . 
 
Then, the heat in the exhaust air through 1m2 wall (UV) (W/m2K) is determined by the following formula. 
 
UV    c  VIo  
SAo   SBo 
(3) 
 
where c (Wh/(kg㺃K)) is the air specific heat, VIo (kg/h) is the air flow rate through the BIC walls of rooms A and B. 
The sum of the heat lost in conduction UC and the heat in the exhaust air UV is the total heat loss. The heat loss 
through the BIC wall with an air flow UI divided by the total heat loss is the heat loss ratio. Thus, the heat recovery 
efficiency (Et) (%) is 
 
§ U ·
E    ¨¨ 1    I  ¸¸  100 
t        © U   UV  ¹ . (4) 
I 
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    l  
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The heat recovery efficiency for the heat in the exhaust air (IVt) (%) is 
 
§ ¦V l  T l  T l ·¨ Io E S   ¸ΙVt     ¨ 1 V l   T l   T l ¸ 100 ¨ ¦ Io E o    ¸© l ¹ (5) 
 
l l 
where VIo  (kg/h) is the amount of the air drawing from outdoor, TE  (°C) is the temperature of exhaust of the indoor l l 
air, TS (°C) is the temperature of the supply air into the room, To (°C) is the outdoor temperature, and the 
superscript l means the time. 
The heat recovery efficiency for the heat lost in conduction (ICt) (%) is determined by the following equation. 
 
IVt    UV    Et    U C    UV  

Ct 
C 
 
(6) 
 
4.2. Moisture recovery efficiency 
 
Moisture ingress into the static wall (room C) is not allowed using polyethylene sheet, so no moisture is lost in 
diffusion. Therefore, the moisture recovery efficiency (EX) (%) depends on moisture loss by ventilation and moisture 
gain by humidification and is given as 
 
§ M · § 'X   · (7) 
E      ¨1     1   ¸ 100   ¨1 E  ¸ 100 
X        ¨© Io 
 
'X Io ¹ ¨ 'X ¸Io ¹

where MI (kg/h) is the humidification rate, MI/VIo = ∆XE (kg/kg’) is the absolute humidity difference between the 
indoor air of the room (A & B) and the outdoor air that is estimated assuming that the moisture recovery efficiency 
would be zero, ∆XIo (kg/kg’) is the absolute humidity differences between the indoor air of the room (A & B) and 
the outdoor air. 
 
5. Results 
 
Table 2 shows the recovery efficiencies calculated for four different periods. For example, for the 28th - 30th of 
March, 2013, the heat conduction loss of the BIC wall (C) UC is only 0.786 W/m2K and the heat in the exhaust air 
through the BIC walls (A+B) UV is 2.167 W/m2K, resulting in the total heat loss of 2.953 W/m2K. However, the 
actual heat loss of the BIC walls (A+B) UI is only 0.886 W/m2K, so the heat recovery efficiency becomes 70%. Fig. 
4 presents UC and UI averaged over the first and the last 2/3 periods, showing that the deviation due to the averaging 
period is less than 5 %. That means that the heat capacity of the BIC wall and the unstable outside temperature 
hardly affect the results. 
Fig. 5 shows the relation between the airflow rate and recovery efficiencies for heat and moisture. The heat 
recovery efficiency for the heat in the exhaust air is almost 90% and is independent of the air flow rate. On the 
contrary, the heat recovery efficiency for the heat lost in conduction is 22 to 30 % for an air flow rate of 10 to 20 
(m3/h)/m2. The total heat recovery efficiency is 63 to 77%. The moisture recovery efficiency is around 80% within 
the range of an air flow rate of 10 to 20 (m3/h)/m2. 
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Fig. 4. UC and UI averaged over the first 2/3 period compared to those for the last 2/3 period 
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Table 2. Measured heat and moisture recovery efficiencies for four different periods 
 
 
2013/3/28-30 2013/12/28-30 2014/1/28-30 2014/2/25-27 
 
 C A+B C A+B C A+B C A+B 
Hi [W] 31.7 59.4 36.4 82.5 35.6 72.8 39.2 76.9 
∆Tio [K] 18.4 17.6 23.4 22.1 24.0 22.7 22.8 20.9 
ΣSij㺃λj㺃∆Tij [W] ˉ2.8 3.1 1.7 3.4 4.7 4.4 2.0 3.2 
UC  or UI [W/m2K] 0.786 0.886 0.814 0.973 0.836 0.849 0.903 0.961 
VIo [kg/h] 31.7  51.2  10.4  23.8 
UV [W/m2K] 2.167  3.60  0.718  1.658 
Et [%] 0 70.0 0 78.0 0 45.4 0 62.5 
IVt [%] 0 86.6 0 88.6 0 86.6 0 84.3 
ICt [%] 0 24.1 0 30.9 0 10.0 0 22.4 
MI [g/h]   22.7  21.8  24.5 
∆XIo [g/kg’]   3.81  5.36  4.06 
EX [%]   88.5  60.9  74.6 
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Fig. 5. The relation between the airflow rate and recovery efficiencies for heat and moisture 
 
6. Conclusion 
 
In this paper, the heat and moisture recovery efficiencies of the breathing DI system were experimentally 
determined at a one-story test building. It was shown that the BIC wall under study has recovery efficiencies of 
almost 90% for the heat in the exhaust air, 22 to 30 % for the heat lost in conduction, and approximately 80% for the 
moisture lost through the BIC wall, within the range of an air flow rate of 10 to 20 (m3/h)/m2. This means the 
breathing DI system has the same effect on energy-saving as making thermal insulation thicker in addition to 
installing a ventilation system with a heat exchanger with a heat recovery efficiency of about 90%. 
The recovery efficiencies would be dependent on the material properties and dimensions of BIC walls and the air 
flow rate and time intervals of alternating intake and exhaust of air as well as other building performances and 
climate conditions. The next step is considered to be to establish and verify numerical models that deals with the 
heat and moisture transfer in the breathing DI system in order to design the most effective breathing DI system with 
low moisture damage risks. 
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